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National yield estimates based on process-based model
A regional implementation of the process based model WOFOST (Boogard et al., 2013) has been used to obtain grid level estimates of winter wheat and grain maize yields over Europe for the period 1981-2015. The gridded crop 10 yield productivity (weight of water limited storage organs at maturity) has been aggregated at national level by calculating weighted average of gridded yields using the historical data on planted area. Aggregated crop yields at national level have been compared to observed na-tional yield time series. Table S.1 represents the share of explained variability 15 in observed crop yield time series using both approaches, the statistical one developed in this study and the process-based one. Results reveal that our winter wheat yield models are able to explain higher share of inter-annual variability than the spatial framework with the process based model. Lower performance of process-based approach might be related to representation of relevant processes 20 during the sensitive growth stages within the crop model, spatial representation of crop varieties and the quality of input meteorological and soil data. Spatial representation of crop varieties defines the spatial distribution of crop model parameters (e.g. phenological parameters, defining the length of growing season and therefore also grain filling period), which have a substantial impact 25 on crop model output. Additionally, the reliability of aggregated crop yields highly depends on the realistic representation of share of harvested area on subnational level (Watson et al., 2014) . On the other hand, the explanatory power of our statistical models for grain maize is generally lower or comparable to the process-based approach. The four large scale atmospheric indices are less effi-30 cient in predicting grain maize than the winter wheat yields due to the higher importance of regional-to-local atmospheric phenomena during summer, which are better captured by the regional application of a mechanistic crop model. Additionally, it should be noted that the observed national yield figures are reflection of many factors which are not simulated by the crop model, such 35 as pests and diseases, crop rotation and fertilization applications, and socioeconomic factors; all these might affect not only decadal trend in crop yield, but also its inter-annual variability. geopotential height anomalies at 500hPa (Barnston and Livezey, 1987 
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